Pulmonary arteriovenous malformations (PAVMs) are congenital defects in the form of an anomalous bridging between a pulmonary arterial and venous system that sidesteps the normal pulmonary capillary. This anomaly is usually associated with hereditary hemorrhagic telangiectasia, leftover small group are sporadic cases but may occur as an isolated anomaly or as multiple lesions. Rarely, such abnormalities can be acquired. Few cases are diagnosed in the neonatal period, as it will pass silent without symptoms. Clinical manifestations occur soon after birth as cyanosis, tachypnea, and an abnormal sound as bruit over the AVM; and the most important point is the clinical suspicion of diagnosis in absence of pulmonary parenchymal and cardiac disease that can explain the persistence of cyanosis. We report a successful Amplatzer vascular plug occlusion of isolated multiple left side PAVM in a neonate, which was done on two stages with a 6 months interval, with no complications. Over 2-year follow-up, the patient remained well with no symptoms.
INTRODUCTION
Pulmonary arteriovenous malformations (PAVMs) are congenital defects in the form of an anomalous bridging between pulmonary arterial and venous systems that sidesteps the normal pulmonary capillary bed [1] . It has been the first time mentioned as incidental findings during the autopsy of a young man by Churton [2] , while the first patient labeled to have PAVM was in 1939. The majority of cases (80%-90%) with PAVM are associated with hereditary hemorrhagic telangiectasia, leftover small group are sporadic cases [3] . The greatest number of PAVM cases affects one side and may be found at any segment of the lung, but generally in the lower lobes [3] . In a patient with mysterious cyanosis without pulmonary parenchymal or cardiac diseases, PAVM should be suspected.
Serial arterial blood gas analysis will exhibit a failure to attain a normal arterial saturation. Chest X-ray is one of the diagnostic clues by showing solitary or multiple round lesions in most cases, but patients with microvascular telangiectasia may have normal chest X-ray [4] . Contrast computed tomography can establish the presence of AVMs; and nuclear studies, including technetium perfusion scans with labeled albumin macroaggregates, have been used to measure the degree of rightto-left shunting [5] . Contrast echocardiography is often used to make the diagnosis [6] . Pulmonary angiography will show directly the presence, the degree of PAVM, and can be used in suitable situations for management [7] . Until 1977, surgery was known as the only treatment for patients with PAVM; and involved string of PAVM, local excision, segmentectomy, lobectomy, and even pneumonectomy [8] . Following that, management alternatives for PAVM, such as transcatheter embolization with coil occlusion and Amplatzer vascular plugs, were also used [9] . PAVM resolution after embolization leads to decreased right-to-left shunting and improved oxygenation [10] . PAVM occlusion has been shown to reduce the risk of ischemic stroke [11] . In some cases, the persistence of the AVM even with embolization has been reported [12] . Also, recanalization of the artery or growth of accessory vessels to the PAVM can happen [13] .
CASE REPORT
A 2-year-old boy, preterm of 34 weeks-gestation, product of emergency cesarean section and delivered at a private hospital, birth weight 2 kg, with unremarkable pregnancy period, developed respiratory distress with cyanosis immediately after birth. For this reason, he was admitted to the Neonatal Intensive Care Unit. Cardiovascular examination was unremarkable apart from grade 2 systolic murmur at the upper left sternal border, and chest examination revealed normal bilateral vesicular breathing. Examination of the abdomen, central nervous system, skin, and mucosa did not reveal any other abnormality. He was connected to mechanical ventilator due to persistent hypoxia with oxygen saturation between 60% and 70 % in 100% of the fraction of inspired oxygen (FiO 2 ). He was treated for neonatal sepsis, neonatal jaundice, thrombocytopenia, and neonatal convulsion; but despite a complete course of treatment and resolution of these, the baby still remained hypoxic with persistent low oxygen saturation. Head ultrasound was normal. The initial and repeated chest X-ray showed (Figure 1a ) lobulated opacity in the left mid zone, which was treated as pneumonia.
Echocardiogram showed patent foramen ovale with a left to right shunt, right pulmonary artery smaller than left pulmonary arteries, increased flow in left lower pulmonary veins, and small aorta pulmonary collateral. After 5 weeks of failed mechanical ventilator extubation and low oxygen saturation in 100% of FiO 2 , the patient was referred to our center (King Abdulaziz Cardiac Center, Riyadh, Saudi Arabia) for opinion and management. Investigations done at the referring hospital were reviewed, PAVM was suspected and agitated saline contrast echocardiogram (bubble study) was positive for PAVM. The patient, at an age of 6 weeks, with a weight of 2 kg, underwent cardiac catheterization that showed normal pulmonary artery pressure. Angiography (Figure 1b and c) revealed multiple AVMs in the upper segments of the left lung lower lobe. Most of these were occluded ( Figure  1d and e) with two devices (6 × 7 mm) and one (4 × 7 mm) Amplatzer vascular plug I device (St. Jude Medical, St. Paul, MN). Baseline saturation on FiO 2 100% was 80%, and after PAVM closure, saturation improved to 88% with FiO 2 30%. The patient managed to be extubated, and chest X-ray post procedure exhibited devices in the left lung (Figure 1f) . He was discharged home after 4 days in the Pediatric Cardiac Intensive Care Unit and 5 days in the ward, in room air with the saturation of 80%-85%.
At the age of 7 months, the patient was admitted again electively for the next stage of PAVM occlusion. He was stable, doing fine, gained weight (6 kg), and saturation in room air was 80%-85%. He underwent cardiac catheterization for the second time which showed normal pulmonary artery pressure. The angiogram (Figure 2a and b) revealed no residual shunt from previous plugs devices, the remaining part of PAVM was occluded using five devices of Amplatzer vascular plug device I, two 6 × 7, one 8 × 7, another one 10 × 7, and one 12 × 8 mm, with a minimal residual shunt at the end of the procedure. Saturation post occlusion significantly increased to 94% in room air. Chest X-ray (Figure 2c ) after the procedure showed devices in the left lung.
The patient was discharged in stable condition and normal saturation. On follow-up visit at the age of 2 years, the patient was asymptomatic with no cyanosis, and saturation in room air was above 93%. Chest X-ray (Figure 2d and e) showed good left lung growth with good position of plug devices.
DISCUSSION
Most of PAVM pass undiagnosed till adulthood period with only 10% of cases being noticed in childhood. The PAVM gender distribution is female to male ratio of 1.5-1.8:1 [14] . Other than being congenital, PAVM can occur as a result of trauma, malignancy, hepatopulmonary syndrome in cirrhosis, and surgery. The PAVM change in size with time, puberty, and pregnancy, and pulmonary artery hypertension speeds up the process. The majority of PAVM are unilateral, occurring at any lung segment; however, lower lobes are most affected [3] . In our case, the final diagnosis was missed during the neonatal period, as the baby was treated as affected by pneumonia, and PAVM diagnosis has not been considered leading to delayed intervention. We considered staging closure due to the patient's weight which precluded adding more devices in such only 2 kg baby. Also, immediate improvement of oxygen saturation during PAVM occlusion reassured a good outcome at the first stage. Luckily, this management showed improvement and reduction of the complication rate in this patient. Missed diagnosis of these cases are not unusual, Aggarwal et al. [15] reported two cases, a 4-month-old and a neonate which were missed initially despite chest X-ray findings which were misinterpreted as pneumonia in one case and pulmonary hypertension in the other one. Both ended with extracorporeal membrane oxygenation (ECMO) before a definitive diagnosis and appropriate intervention was made. This is, unfortunately, similar to what has happened to our case initially, but with no aggressive approach for hypoxia management.
CONCLUSIONS
With successful PAVM percutaneous closure in most of the cases recently, delayed diagnosis or misinterpreting chest X-ray finding causes results in medical mismanagement of these cases. Normal heart structure and unspecific chest X-ray findings should raise the suspicion of PAVM for all health care providers before aggressive intervention for hypoxia is started. 
